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Introduction: 89
Tuberculosis (TB) is the world's most deadly disease by a single infectious agent, 90 claiming over 1.4 million lives each year, primarily in low-and middle-income countries 91 (LMICs) ( 1 ). Tuberculosis in cattle (bovine TB or bTB) is also a significant animal health 92 problem endemic in most LMICs, costing an estimated 3 billion USD worldwide each year ( 2 ). 93
The World Health Organization (WHO), the World Organisation for Animal Health (OIE), and 94 the Food and Agriculture Organization for the United Nations (FAO) define zoonotic TB (zTB) 95 as human infection with Mycobacterium bovis, a member of the Mycobacterium tuberculosis 96 complex (MTBC) ( 1,3,4 ). Therefore, the detection of M. bovis is most often used as a proxy for 97 measuring zTB prevalence. Based on this definition, the WHO has recently estimated that the 98 annual number of human TB cases due to zTB is 143,000 ( 1 ). 99
The WHO aims to reduce TB incidence by 90% by 2035 as a part of the End TB Strategy 100 ( 5 ). India carries the world's largest burden of human TB, with over 2.6 million cases and 101 400,000 deaths reported in 2019 ( 1 ). The cattle population in India exceeds 300 million, a 102 population larger than any other country ( 6 ). Yet, bovine TB is both uncontrolled and endemic, 103 with an estimated 21.8 million infected cows in India ( 7 ). A small number of previous studies 104 estimated the prevalence of zTB in India to be ~10%, however these studies were limited in their 105 abilities to differentiate between MTBC members ( 8-10 ). Recent evidence has suggested that M. 106 orygis, a newly described MTBC member, may be endemic to South Asia ( 11-14 ). However, 107 robust estimates of M. orygis prevalence in humans or cattle are lacking. 108
In this study, we aimed to begin to obtain an estimate of the prevalence of zTB in India 109 through molecular analyses of 940 positive broth cultures from a large referral hospital in 110 Southern India. To evaluate our findings within the framework of other sequences collected from 111 South Asia, we subjected twenty-five isolates to whole genome sequencing (WGS) and 112 compared these sequences to representative genomes of the MTBC lineages circulating in the 113 world as well as 715 deletion-based conventional PCR assays were developed to screen the first 600 samples for zTB. 6 (RD9), which is present in M. tuberculosis and absent from other MTBC subspecies 151 ( Supplementary Figure 2A Isolates that were identified as MTBC other than M. tuberculosis sensu stricto or as inconclusive 173 by PCR were processed for WGS. Extraction of genomic DNA was performed as previously 174 described ( 18 ). Libraries were prepared using the Nextera DNA flex library prep kit (Illumina). 175
The quality of each library was assessed using a Fragment Analyzer TM automated CE system 176 To compare the newly sequenced genomes to sequences from South Asia, a NCBI Sequence 197
Read Archive (SRA) (https://www.ncbi.nlm.nih.gov/sra) search was performed using the search 198 terms ("Mycobacterium bovis" OR "Mycobacterium tuberculosis" OR "Mycobacterium 199 africanum" OR "Mycobacterium orygis" OR "Mycobacterium canetti" OR "Mycobacterium 200 caprae" OR "Mycobacterium bovis BCG" NOT "H37Rv" NOT "H37Ra") from ("India" OR 201 "Bangladesh" OR "Nepal" OR "Sri Lanka" OR "Pakistan"). All sequences were downloaded 202 from the SRA using the fasterq-dump tool from the sra toolkit v. 2.9.6 (https://ncbi.github.io/sra-203 tools/) and sequences were then filtered for quality, according to the criteria detailed in 204 supplementary figure 3. Sequences that met the indicated quality were run through vSNP 205
( Supplementary Table 5 ). Phylogenetic trees were constructed using vSNP to compare the 206 sequences from this study with the genomes from South Asia. Reference sequences were also 207 included for comparison ( Supplementary Table 6 ). Phylogenetic trees were rooted to M. 208 tuberculosis H37Rv. To compare the sequences collected in this study in the context of the 209 global MTBC, treeSPAdes (http://cab.spbu.ru/software/spades/) was used to assemble reads for value. All phylogenetic trees were visualized using the Interactive Tree of Life (iTOL) with their 212 respective metadata ( Supplementary Table 7 
Results: 230
Sample characteristics 231 DNA was prepared from a total of 940 positive MGIT® cultures. In total, 548 pulmonary 232 and 392 extrapulmonary isolates were included in this study. Table 1 describes the characteristics 233 of the patients from whom the isolates were obtained. Extrapulmonary TB occurred more often 234 in younger ages. In patients <10 years old, the relative risk (RR) of extrapulmonary TB was 1.8 235 (95% CI: 1.3 -2.2, p = 0.002). Pulmonary TB occurred more often in older ages. In patients of 236 ≥60 years, the relative risk of pulmonary TB was 1.4 (95% CI = 1.3 -1.6, p < 0.0001). The 237 patients were from 20 states and territories in India (N=884), from Bangladesh (N=54), and from 238 Nepal (N=2) ( Figure 1A ). Within India, the majority of isolates were collected from patients 239 living in Tamil Nadu, (N=341), West Bengal (N=187), and Andhra Pradesh (N=100). The 240 majority of isolates collected from each location were pulmonary in origin, with the exception of
PCR and WGS results 244
Isolates were assessed by conventional and real-time PCR to evaluate the proportion of 245 MTBC subspecies. Following initial PCR screening, 25 isolates were selected for WGS 246
( Supplementary Table 8 ). Based on PCR, these 25 were 7 M. orygis, 6 M. bovis BCG, 8 247 inconclusive, 2 M. tuberculosis isolates negative for RD12, and 2 additional M. tuberculosis 248 isolates included erroneously. Of the 8 inconclusive isolates, 7 were so-categorized due to a 249 delayed amplification of the RD12 probe and 1 was selected due to poor amplification of the 250 RD1 probe. 251
The proportions of mycobacterial species identified following all genotyping are 252 described in Table 2 . Surprisingly, no wildtype M. bovis was identified in this study (0%, 95% 253 CI: 0 -0.4%). A total of 7 (0.7%, 95% CI: 0.3 -1.5%) isolates were identified as M. orygis, 6 of 254 which were extrapulmonary (1.5%, 95% CI: 0.6 -3.3%). M. orygis was enriched in 255 extrapulmonary isolates, where RR = 8.4 (95% CI: 1.3 -52.9, p = 0.02). Six out of 7 M. orygis 256 isolates came from patients from northeastern Indian states Bihar, Jharkhand, and West Bengal 257 ( Figure 1B) . The final M. orygis isolate came from a patient from Karnataka. In total, 912 258 isolates (97.0%, 95% CI: 95.7 -98.0%) were identified as M. tuberculosis sensu stricto. Two 259 isolates lacked RD12, but WGS assigned these two as M. tuberculosis sensu stricto and not M. 
Phylogenetic analysis 274
A phylogenetic tree was constructed comparing the 25 isolates sequenced in this study in 275 the context of the MTBC lineages circulating the world (Figure 2) . The 13 M. tuberculosis sensu 276 stricto isolates were dispersed across lineage 1 (N=9), lineage 2 (N=1), lineage 3 (N=1) and 277 lineage 4 (N=2). Of the 9 lineage 1 genomes collected in this study, 7 were found to cluster 278 closely together; these 7 isolates shared a SNP in the RD12 reverse primer sequence. All 5 279 confirmed BCG isolates identified as the Russia strain. There were no isolates that clustered with 280 M. bovis or M. caprae. The 7 isolates that clustered with previously sequenced M. orygis 281 isolates were separated by 66 -282 SNPs from one another ( Supplementary Figure 4) . 282
An SRA search for MTBC isolates from South Asia generated 1640 genomes. These 283 sequences were then filtered prior to tree assembly to yield a total of 715 high-quality sequences 284 ( Supplementary Figure 3) . The downloaded genomes were phylogenetically compared with the 285 newly sequenced isolates and their respective metadata ( Figure 3A) . Again, no wild-type M. 
Legends: 367

